INTRODUCTION
============

Several studies from Western countries showed a steady increase in the use of computed tomography (CT) examinations in the emergency department (ED) with the need for rapid and accurate diagnosis, as well as the trend toward less invasive diagnostic testing ([@B1]-[@B5]). However, CT becomes a source of concern to the medical community from the perspective of increased cost and radiation dose to the patient population. For these reasons, detailed analysis of CT utilization pattern, in the clinical practice, may be valuable. This is the first report regarding the trends of CT examinations for adult patients in a Korean ED.

MATERIALS AND METHODS
=====================

The institutional review board of our hospital approved this retrospective study and the requirement for informed patient consent was waived.

Study Population
----------------

We searched the Gachon University Gil Hospital Emergency Center Database (GUGHEC database) to identify all the adult patients (≥ 18 years) who visited the ED between January 2001 and December 2010. Using the radiology database, we identified the CT scans performed on adult ED patients during the same period. CT scan data was also stratified by age of patients into two groups: ≤ 40 years of age and \> 40 years of age.

CT Scans
--------

In our hospital, a multi-detector CT (Somatom Sensation 16 scanner, Siemens Medical Solutions, Forchbeim, Germany) has been exclusively used for ED patients, since March 2005. Before March 2005, a single-spiral CT (Somatom Plus Four Expert, Siemens Medical Solutions, Forchbeim, Germany) was used for the ED patients. The CT scans were categorized by body regions into six groups (head, facial bone, cervical, chest, abdomen and miscellaneous). Facial bone CTs included facial bone, orbit, mandible and paranasal sinus. Chest CTs included pulmonary CT angiographies, pre-contrast and post-contrast chest CTs. The abdominal CTs included only the abdomen CTs, as well as the abdomen and pelvic CTs. Miscellaneous CTs contained various uncommon CT scans (CTs of the thoracic or lumbar spine and extremities) and CT angiographies except pulmonary CT angiography.

Methods of Assessment
---------------------

We assessed the total number of patients and the number of CT examinations for the adult patients who visited ED, and we calculated the rate of CT examinations per every 1000 patients. The increased rates of CT scans, as classified by the body part from the initial year (2001 year), were also calculated as follows.

The increased rate of CT scans from the year 2001 = (number of CTs per 1000 patients in the year - number of CTs per 1000 patients in 2001 year) / number of CTs per 1000 patients in 2001 year

Using the GUGHEC and radiology database, we also determined the number of patients who had received multiple CT examinations on the day of admission and the reasons for the examinations.

Statistical Analysis
--------------------

Standard descriptive statistical methods were performed with Microsoft Excel 2007 (Microsoft, Redmond, WA, USA).

RESULTS
=======

A total of 409439 adult patients (214213 men and 195226 women, mean age: 47 years) visited our ED during a 10 year period. A total of 113656 CT examinations were performed on 95271 patients (51754 men and 43517 women, mean age: 50 years), for an increase of 255% (from 4743 CTs in 2001 to 16856 CTs in 2010), while the adult ED patients\' volume increased by 34% (38209 in 2001 to 51030 in 2010), during the study period. Overall, the number of CT examinations far exceeded the increasing rate of patients: the CT scans per every 1000 patients increased from 124 CTs in 2001 to 330 CTs in 2010 ([Fig. 1](#F1){ref-type="fig"}).

In terms of the CT types by anatomic regions, head CTs (67.5%) and abdominal CTs (14.8%) occupied the majority of the total scans, followed by chest CTs (8.1%), facial bone CTs (6.6%), miscellaneous CTs (1.5% and 0.9% for CT angiographies and et cetera, respectively) and cervical CTs (0.6%) ([Fig. 1](#F1){ref-type="fig"}). Although the head CTs occupied proportionally the most, facial bone CTs revealed the largest rate of increase (3118%), followed by cervical CTs (1173%) and chest CTs (455%), miscellaneous CTs (388%), abdominal CTs (315%) and head CTs (95%), per 1000 patients for a decade ([Fig. 2](#F2){ref-type="fig"}). Among the miscellaneous CT, CT angiographies showed increased rate of 862% per 1000 patients for a decade. The increase of CT examination occurred in both patients, younger and older than 40 years old ([Table 1](#T1){ref-type="table"}). The rate of increase for abdomen CTs was greater in younger patients, while the others were greater in patients older than 40 years old.

Of a total of 95271 adult patients, who had CT examinations in the ED, 14.0% (n = 13300) had multiple CT examinations on the admission day ([Fig. 3](#F3){ref-type="fig"}). The most common reason for multiple CT examinations was the evaluation for traumatic injuries (81%), fever focus (10%), insufficient clinical assessment (6%) caused by impaired cognitive function for old age or abnormal mentality, and et cetera (3%).

DISCUSSION
==========

Similar with a few reports from Western countries, our study also shows that CT use has grown than the growth of patient volume for the past decade, although, the rate of increase varies with the particular body region imaged. Furthermore, the increase has occurred in both younger and older adults.

In terms of the CT scans, as classified by body parts, the facial bone CTs showed the largest rate of increase (3118%), followed by cervical CTs (1173%), chest CTs (455%), miscellaneous CTs (388%), abdominal CTs (315%) and head CTs (95%). Compared with the previous studies that revealed chest CTs and cervical CTs as showing a greatest increase (600% and 500% increase, respectively by Lee et al. and 226% and 463%, respectively by Broder et al.) ([@B2], [@B5]), the dramatic increase of facial bone CTs in our study seems to be an interesting aspect worth noting. The increase rate of each CT scans may reflect the disease prevalence of the patients, and the reasoning of physicians who order the test. However, the increased use of facial bone CTs, as well as cervical CTs, may not be surprising because recent studies have questioned the use of plain radiographs in the evaluation of traumatic injuries, as a standard of care for their inferior diagnostic accuracy ([@B6]-[@B8]). CT imaging in these patients helps in the assessment of multiple bone fractures, and allows the surgeon to make proper planning before a surgical procedure.

The factors that promote the utility of CT include the increasing availability of CT scanners and the technological improvements in the efficiency of a scanner and image resolution with the introduction of multi-detector CT (MDCT), the cost and time benefits from the improved diagnosis ([@B9]-[@B11]). Since March 2005, when the MDCT was first introduced in our ED, the number of CT examination showed a rapid increase, compared with the previous years ([Fig. 1](#F1){ref-type="fig"}). The number of patients who had multiple CT examinations on the same day and the number of CT angiographic examinations were also markedly increased since the time. With MDCT scanners, the acquisition of multi-planar reconstruction and sub-millimeter resolution images of the entire body is possible in a matter of seconds, and as a noninvasive diagnostic modality, MDCT has become a vital component in the ED ([@B12]).

Computed tomography examinations provide a significant source of radiation exposure. The radiation from a single CT scan ranges from 2 to 31 mSv, depending on the patient\'s age and the irradiated body organ ([@B13]). Although the radiation induced cancer risk has been revealed to be relatively low by CT examinations (relative risk = 0.035, mortality = 0.1-0.12% in individual patients in high-risk of death from a cancer), patients could potentially be at higher risk for recurrent and cumulative CT examinations ([@B14], [@B15]). While our study did not directly address the issue of medical appropriateness and radiation hazard, the increasing use of CT in the ED raises the question of whether the increasing utility of CT scans is moving toward an appropriate rate or if it has moved beyond it.

Although our data show a substantial increase for the past 10 years, they also showed the tapered increase of CT use since 2007, that is similar with those of Levin et al. ([@B16]) who found that the rates of all types of imaging in the outpatient setting began to decline in 2006. Levin et al. ([@B16], [@B17]) have described the increased number of radiology benefit management companies, the dissemination of appropriateness criteria by major medical societies and the effects of decreased reimbursement imposed in compliance with the Deficit Reduction Act of 2005, as the reason of the decreasing growth of performing imaging.

This study had several limitations. First, as a retrospective study, data could have been missing from the GUGHEC and radiology database. Second, our study was a single institution\'s results. However, as a south sea regional representative emergency medical center and one of the largest EDs in Korea, in terms of the number of visited patients, our data might reflect the national trend of ED, in Korea. Third, we did not specifically evaluate the clinical usefulness or radiation hazards from CT examinations for the patients. However, the primary objective of this study was to analyze the trends of CT usage in an adult ED of Korea.

Despite the limitations, our study is the first report on the trends of CT use in an adult Korean ED. We revealed the increased rate of CT scans has outpaced the increase of the ED patient volume for the previous decade, with facial bone CTs and cervical CTs being increased the most, followed by chest CTs, miscellaneous CTs (CT angiographies and et cetera), abdominal CTs and head CTs. The increased rates of CT examinations raise the question concerning the appropriateness of these examinations due to both the advantages (a rapid and accurate diagnosis) and disadvantages (increased radiation exposure and medical cost).

![**Total number of CT scans performed for adult patients who visited emergency department for previous decade.** CT scans per every 1000 patients increased from 124 CTs in 2001 to 330 CTs in 2010.](kjr-13-536-g001){#F1}

![**Increase rate of CT examinations by anatomic region for previous decade.** Compared with 2001 years, facial bone CTs shows largest rate of increase (3118%), followed by cervical CTs (1173%), chest CTs (455%), and miscellaneous CTs (388%; 862% and 84% for CT angiographies and et cetera, respectively), abdominal CTs (315%), and head CTs (95%) per 1000 patients.](kjr-13-536-g002){#F2}
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